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ABSTRACT

Synthesis and Characterization of Microwave-Exfoliated
Graphene Oxide and Silicon Nanowire Hybrimer via

Hydrosilylation

Shin Dong Hee

Advisor : Prof. Sohn, Honglae, Ph.D,
Depar tment of Chemistry,

Graduate School of Chosun University

Silicon nanowire(SiNW)-graphene Hybrimer was synthesized from the reduced
GO and SiNW via hydrosilylation in the presence of platinum catalyst.
Single—crystalline SiNWs were fabricated by using an electroless metal
assisted chemical etching of bulk silicon wafers with silver nanoparticles
deposited by a spin-casting. The etching of SiNWs was carried out in an
agueous solutions of hydrofluoric acid and hydrogen peroxide. Free-standing
SiNWs were then obtained using ultrasono-method in THF. GO was prepared by
Hummer’ s method and reduced by a microwave to give a reduced grapheme which
was used for the synthesis of SiNW-graphene Hybrimer. The morphology of
SiNW-graphene Hybrimers were characterized by EDS, TEM, and FE-SEM. Covalent
bond between graphene and SiNW was confirmed by using XPS, Raman, and FTIR
spectroscopy. BET measurement showed that SiNW-graphene Hybrimer has a
mesoporous.
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2. Experiment Section

2.1. Generals

2 & &2 Standard vacuum line Schlenk techniqueS AIZoIA201 stet=9
22 otolA ASIUCH. Ael2 f0IH <100> (P-type, boron-doped,

500 mm thick)E A2t &el2 U200 (SINW)E HMEGII 20 HF(48 %),

H0.(30 %), AgNOs (>99.9 %)= ma-AldrichOlM &otAUCH. L£oF, =3ShEM

J1(5210R-0TH, Bransonic)E OlEol0d &l2l& L:=2A010f Tt =

Ct. Microwave-Exfoliated Graphene Oxide(MEGO) gd2 Pristine

graphite(powder, < 20 micron)E Sigma-AldrichiAd 23t0 Ball-mill

machine(PM100, Retsch)2 0I23t0d =22 &G} LD NaNOs, KMNO4= Alfa asear

A PUSHAD Oven(J-FM28, Jisico)E Soil IIRHE HEAZR20 Microwave

range(RE-C21VB, Samsung)Z fel(Exfoliation)dtACH. Silicon Nanowire Wrapped

>

%0
L
i
ne

with Microwave-Exfoliated Graphene Oxide(composite material)Ol AFESH Platinum
cyclovinyImethyl-siloxane complex(Pt%[CH=Ch(Me)SiOls;, Pt catalyst)= (3=}Ct
Ol 220l A +5H0 ArE3IRA 2 M M2 e ol Ar& st
Tetrahydrofuran(THF), Ethanol, Acetone, H:SOs, HNOs, Distilled water= OCIOil
N FUGHH ALZGIRUCH. 22OHS2 0t=2=2 SH0l sodium/benzophenoneS AHE GHN
24AI2F Ol & 82 Al2] & ALESHULE.

2.2. Synthesis
2.2.1. Synthesis of Silicon Nanowire(SiNW)(Compound 1)

A2 LH=2A0I0(SiN) MAZLEE Scheme 10 2+&t5] EESSHALCH. Al
OlIH P-Type(1~10 Qcm) <100>2 OLMIED NES 2 22 222t MES &S,

el 2|2 HHol Us Atst 242 MAHMZFI| A Hydrof luoric acid(40
%) ZOHQ AVt SUCH = = CHAl Hydrofluoric acid(2 %) 20| 282 S0t &

==0l LAECH 822 = AgN0s(0.08 M)

b =2 F 72 A0 Ar A2 B2

i
Ol

Collection @ chosun



+=Z M Hydrofluoric acid(5 M) BHE 1:1 HIE2 A2 & ATIHE 0/E56t
04 2500 RPMSIOI 6 MLE 30x =0t &lcl&@ EH(Y 2
£ &t DE0 2=E folHE &%= ME = FO0IIHE Hydrogen
peroxide(30 %)t Hydrofluoric acid(5 M)BHS 1:10 82 A0 =2 EJI10
502 st 0= Etching0l EI0 A=K =QlstC, e O=2 RI0IHM U=
UXE HMHHMFIl RASHA HNOs(65%) 0l 15682 St &It =10 Al2t0l CF XILHH
S22 NES HE & 420M ZedF0. 2

C2HO0IA(SINW)E TIIREHZ 2I| fdh =3Sht FEMIIE MESHH S=&H Al
£ =0 &el@ AOIHNA Lt=2t0I10 It [

Siwafer (100)
1~-10 Qcm
Siwafer(100)

AgNO,/HF IHNOs
Ag nano particle Ag “ﬂ
Siwafer (100)
Siwafer(100)
H,O./HF

Scheme 1. Reaction scheme of Compound 1.

<2

2
0
H
Ju
ol
M
[ml

<Compound 1>
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2.2.2. Synthesis of Microwave-Exfoliated Graphene

Oxide(MEGO) (Compound 2)

Microwave—-Exfoliated Graphene Oxide EAZUEHES scheme 20l E 0 F=RULH.
| A1 &XE &1 N2

Ct. O CFS Hummers' Method 222 Graphite OxideE 2t==01 XHAMISH &
mi-=!

o
=
N
i
2
it
=
ujo
Of
HI
oll

GraphiteE 450 RPM, 1

[w]

He
=

=% & Graphite 3 gt NaNO3 1.5 g, HxS04 75 mLE w Bt ot0l AOECH. O =
=2 €820 g2 8JI2 0 CTE RANHFHAM 2AI2ts0H wEksS AlI21CH O
CtS KMNOs 9 g= & &Gl EJtolls=10 THAI 1AIZ2E wBtS &ttt 25201 g2 EJI
Moo= AlI2H0I XLt E=0l &4=201 & SF+ 100 nLE €010 25
90 CTHX SHAZECH. 90 CTIF &I TAl SF= 300 mLE €10 1A12H 302 =

RSI /TR 1]

wugs HHett. g2

w
a8

=<
—

Ol Graphite Oxide2l SF=E HMIHoi=I|?oiA Z2EIE 0

Sr=20l mud brown 2= HtH ™ Hydrogen peroxide(30 %)
mLE EIIGtD pHOt 40l & W MK EH2 S8 3 LE FI SIHAAHAE
. KNSIX Ll 2Ol Hummers' method2EH S 2 Graphite OxideE &€= = ULH.
2 150 T2

H =
12 A2E AX AHAZCH el IO Graphite OxideE €2 = U=0 Ol 24

22 AZMs Solg £ QCH 0l IH**HE Microwave range(700 W)l & &
S0 A2 M 2elE Graphene Oxide MRHE Z2 £ UCH. 0 IIRH
st ZBEMOIXIC Graphite Oxide IFHO HioH LXIH e =10 IJHHAM
Il gddle NS &2l g = UL

Collection @ chosun



<Compound 2>

Ball milled Graphite
(Black powder, insoluble)

Graphite Oxide soluble
in distilled water

(Brown power)

HO.

o

1. Dry Oven
2. Microwave 4

Microwave-Exfoliated
Graphene Oxide
(Black powder, insoluble)

Scheme 2. Reaction scheme of Compound 2

2.2.3. Synthesis of Silicon Nanowire with Microwave—Exf
oliated Graphene Oxide via Hydrosilylation(Hybr i
mer ) (Compound 3)

gtd YE2 Scheme 3210 LIEHHRUACH. 120 HZESH Silicon NanowireE I
Ol &0IA WO WO Wire XEMIZH RHE 2I| |0 &2 222 3(100 mL)
OtOll Distilled THF 30 mL2t KOIHE E0H =8It 2MIIZ2 =20l HMIotH &=
Ct. Ol SH2 ZA0IH 2 otol T Silicon Nanowire It<?
2= Ch. =A743 B1S2 ol S 250 mL JtKIEel EtA3E 2
tH BIJI1E HA of & = Ar H4EHE RXol=ZHAM Silicon Nanowire2t

icrowave-Exfoliated Graphene OxideE ZFHHl 10:1 B2 22 0.2 g, 0.02 ¢

£0 110

toh

A
T

L
i

b

Io
[o]]

= =

I THF 60 mLES Pt =0H(Platinum cyclovinylmethyl—-siloxane complex, Pto.
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wet StACH. EHE0I
o
AN

o Bz

A TR (Hybr imer

[CH=CH(Me)Si0]4) 2 201 It 100 T 24AI2t
MHoH=2H &

[
- T

2 G

ZLHH HOIl THFE

Ch.

<Compound 3>

%Siﬂ
Pt catalyst
THF, Reflux(100 T)24h

)ECHQA
= o= T

%Sﬂ{
Microwave-Exfoliated
Graphene Oxide 3
SiNWs
Composite materials
Scheme 3. Reaction scheme of Compound 3
- 10 -
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3. Results and Discussion

3.1. measurements
A2 LF=20I 0 (SiNW)2F Microwave—Exfoliated Graphene Oxide(MEGO), 12l

1) Composite material2 Field emission scanning electron microscope(FE-SEM,
S-4700, Hitachi)1t High-resolution transmission electron microscope(HRTEM,
TECNAI F20, Philips)2& OIOIXIE <LA20, Fourier transform infrared
spectroscopy (FT-IR, Nicolet mode | 5700) ABEHEZ2 diffuse

reflectance(Spectra-Tech diffuse reflectance attachment)24lS 0|20l =&

ot Ct. Brunauer, Emmett and Teler (BET, ASAP 2020, Micromeritics ins)2 HIE
HA Pore AJ| 242 olF 2S04 Raman spectrophotometer (NRS-5100, Jasco)S
oot st RXE oy o J/UCH. E£st, X-ray photoelectro

spectroscopy (XPS, MULTILAB 2000 SYSTEM, Ssk)Z2 ZEOUNUXIE S& 22 24&sS
ot ACt.

3.2. Characterization of Silicon Nanowire(SiNW)

Figure 22 32 FE-SEM OIOIXIE €2 A0 U=2A0IHE MEE I = X
S Odet dYe=z AolH HH0 == ot= Jtol Met LH=2olo 2280 Xt

OIJF M2ICH Figure 20lAE AlIZIZ2 0ITHZE AgNOs =22 (0.08 M)t HF(5 M) 2
1HIE2 A2 2|0 60 = St &2 = H0:(30 %) & HF(5 M) 1:10 HIEZ E
tching 8t OIOIXIOIZ2, Figure 32 AgNO; £==24(0.08 M)k HF(5 M) & 1:1 HIE2

He sUS ATDEE 0S50 2500 APGHON 6 nl, 30E Sof 2 YXE 12
2 o
100~300 NnS

Figure 4= Etching0l Y Z0l HNO:Z2 2 2UXE HHel)l & ol0lkz 8 ¢

_11_
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Figure 5= HF2t H0, = HOHK 210 AgNO; =& 2+ #3360 L= 2H01 O
Of EHIJI ™ Aoz YetXl=Al =015 fst FE-SEM OI0IXIZ 0.08 Mt 0.04
MM O OlAAQl Ael2 LI=20I10 HEHE €2 = UJULEH.

Figure 6= &lcl& L%

0l XHAMIBFS 01 2f0IAM Mol WO IH<*H EE
g 2| Foll =5

=St EMIIE Sot €2 &el2 L2010 001 XI0IC.

Figure 72 HRTEM Ol0IXIZ (A)2H (
Oloiel HEHMAI =H 2ot Porell =ZMHE =0
LI 20101 HMI&0l AP E U

2t&

—/

—
=1
bal
rlr

StCHot &elz g
1 (G)OI0IKl= &Aelz
HE lattice pattern2 St EAt

£ EIoHRUL.

o

[

_12_
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Figure 2. FE-SEM images of Silicon wafer surface by immersing for 60s
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Figure 3. FE-SEM images of Silicon wafer surface by spincoating
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1 15.0kV 11.9mm »5.00k SE(U)

Figure 4. FE-SEM images of Before removing the Ag particles
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Figure 6. FE-SEM images of Silicon Nanowire by ultrasonic
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Figure 7. HRTEM images of Silicon Nanowire
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3.3. Characterization of Microwave-Exfoliated Graphen
e Oxide(MEGO)

Figure 82 FE-SEM OI0IXIZ (A) Graphite (B) MEGOS & &St 2422 =9 =
S0l B280l =2A26tH 2™ U= 2HHO Microwave rangeE 0I&6tH &tst S
O hydroxyl, epoxy, carboxyl JI 2 12 ZH2E HHM C0It HAEI| A8LZE
FH 12 oD LESAIII1D Ol COIt WHHLIREA SItE 8oz 2lof 1
il S0 &el(Exfoliation)El= XS O0I0IXIE Saoll &QlotALCH

Figure 9= MEGO2| HRTEM Ol0IXIZ dHEEZ 0= EA-EA w28 N2E &

OI5HRA LY.

Figure 102 XPS spectra OIOIEI2 (A) Graphite Oxide2t (B) MEGOSl Z& Ol
XNE Sot &EJ| &el= ofRUCH. 2A0A ZFSH B2t 201 286~289 eV = hydro
xyl, epoxy, carboxyl ZZJ|IE& LEtUH=0 (AWM= 0 HEJIS0l 20l &M

ol= 212 0I5t (B) &2 H2= Microwave rangeS =&+ B2l (Exfoliatio
n)& ©I5t carboxylt epoxy ZZI|S0| MHELD hydroxyl 58t Y= 212

= 2= QUCH. £ CHE peak 284.5 eV= sz A Z&2 UEILD C=C OI|=ZE dl
20| Graphite OxideE2 Lt carboxylt epoxy ZE&I|JF &= MEGOII O 2 S &
O._I

g = UCH
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Figure 9. HRTEM images of MEGO
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Figure 10. XPS spectra of (A) Graphite Oxide (B) MEGO
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3.4. Characterization of SiNW-MEGO Hybr imer
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Figure 11. FE-SEM image of SiNW-MEGO Hybr imer
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Figure 12. HRTEM images of SiNW-MEGO Hybrimer and EDS data
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Figure 13. FI-IR spectra
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Figure 14. XPS spectra of SINW-MEGO Hybrimer
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Figure 15. Raman Spectra
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4. Conclusion
2 AU A= Metal-Assisted Chemical etchingg Sold &cl2 LUHL2A0IHE

MI&6HD FE-SEM, HRTEMS Soll 246t CH. el Hummers' methodZ graphite
oxideS CH=1 Microwave rangeE 0I206+0 Bf2|=l graphene oxideE 46U D
FE-SEM, HRTEM OI|O0IXIE &1 XPS CIOIEHE Sdll graphite oxidelt &fel=

graphene oxide &EJ| X0IE =2&GIULCH. =SB 2EQ SiNW-MEGO composite

materialS 3 =04 otol =243 2SS Sot 4ot ) FE-SEM, HRTEM
OI0IXIE &1 EDSE Sol 8 &S ot¥ 20, FT-IR, XPS, Raman spectra2
Ol=oted HEJ| &el L Zg NUX &S of/UCH. £5F, BET HIOIHE SdiA
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